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CDMA FORWARD LINK POWER CONTROI 

The present invention relates generally to wireless communications systems 
and more particularly to a method for implementing power control at the forward 
link of a cellular code division multiple access (CDMA) network. 

A code division multiple access (CDMA) cellular network consists of base 
stations geographically distributed throughout a service area, and mobile stations. 
Each base station provides digital telephony service to mobile stations located in the 
station's designated geographical region. Wireless communications between a 
mobile station and a base station in a CDMA network organized in accordance with 
the IS-95 standard from the Telecommunications Industry Association occur on both 
reverse and forward CDMA channels. The reverse CDMA channel carries traffic 
and signaling information from the mobile station to the base station. The forward 
CDMA channel carries traffic and overhead information including pilot, 
synchronization and paging, from the base station to the mobile station. 

Numerous parameters, including mobile velocity, multipath fading and 
handoff conditions factor into calculating service quality, which is defined by frame 
error rate ("FER"), for a CDMA network. IS-95A, an Electronic Industries 
Association standard similar to IS-95, specifies a message-based forward power 
control protocol for the first-rate set, employing a feedback loop, to report service 
quality from a mobile station to a base station. In this protocol, the mobile station 
reports the FER to the base station via a series of periodic blank and burst messages, 
sent either upon the occurrence of a pre-specified time interval, or when the FER 
exceeds a predetermined threshold. Upon receipt of an FER report the mobile 
station must decode the message, thereby realizing a delay, before acting upon it. 
The delay realized during this processing decreases the accuracy of the reported 
FER. The combination of periodic reporting and decoding delay prohibit a first-rate 
set IS-95 A-based system from closely tracking service quality. 

Closely tracking service quality is integral to achieving system efficiency. 
An algorithm that closely tracks service quality permits operation at lower average 
transmit power than one that tracks poorly because the tracking process allows a 
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system to determine the amount of power needed by each frame, thereby avoiding 
both waste and over-allocation of transmission power. Consequently, allocation of 
transmission power to users is equalized and a system may achieve efficiency. 
Efficient systems operate at higher capacity than do inefficient systems. Thus, a net 
capacity gain results from close tracking of service quality. 

According to one aspect of the invention, there is provided a method for 
implementing power control to a forward link in a cellular Code Division Multiple 
Access (CDMA) network comprised of at least one base station and at least one 
mobile station, the method comprising the steps, performed by the base station, of: 
computing a frame error rate reflecting a number of frames having a positive frame 
erasure indicator received during a pre-determined interval; determining a 
performance level based on the frame error rate and a total number of frames 
received during the interval; selecting a change in transmission power level to 
improve the performance level; and adjusting the transmission power level for the 
base station according to the selected power level. 

According to another aspect of the invention, there is provided a power 
control unit of a base station of a Code Division Multiple Access (CDMA) cellular 
system for adjusting an amount of power applied to a transmitted data signal, the 
unit comprising: means for receiving a frame from a receiver located in the base 
station; means for analyzing service quality information; means for using the service 
quality information to determine an appropriate amount of increase or decrease in 
transmission power level to apply to a frame; and means for outputting a data signal 
reflecting an adjusted power level to a transmitter located in the base station. 

Systems and methods consistent with the present invention address the 
problem of lost system capacity, allowing a system to operate efficiently, through 
close tracking of service quality on the forward link of a cellular CDMA system. By 
applying the optimal amount of power to each frame, a system consistent with the 
principles of the present invention avoids waste and over-allocation of power to any 
frame. After determining the optimal transmission power level for a given frame 
relative to the amount of noise and interference on the cellular link, the current 
power level is adjusted to reflect the optimal level. 
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Some embodiments of the invention will now be described, by way of 
example, with reference to the accompanying drawings in which: 

Figure 1 is a representative diagram of an exemplary digital CDMA cellular 
network in which systems and methods consistent with the present invention may be 
5 implemented; 

Figure 2 is a block diagram of a base station consistent with the present 
invention; and 

Figure 3 is a flow chart showing a forward transmission power control 
method in accordance with the present invention. 

10 A system consistent with the principles of the present invention increases the 

efficiency of a cellular CDMA system by applying the optimal amount of power to 
each frame as it passes from a base station to a mobile station. A power control 
module consistent with the present invention is used to determine the average and 
instantaneous frame error rates ("FER"), using them as the basis of a power 

15 adjustment. Periodic application of an additional correction factor ensures that the 
optimal amount of transmission power is applied to each frame. 

More specifically, each frame received by the base station contains a frame 
erasure indicator bit as specified in the IS-95A standard for the second-rate set, 
indicating the occurrence of a frame erasure. The information conveyed by the 

2 0 frame erasure indicator bit is used to estimate both the average and instantaneous 

FERs. Based on these estimates, the transmission power is adjusted to the minimum 
power level needed to achieve both system efficiency and high service quality. 
Satisfactory service quality occurs when FER ranges from 1-3%. 

As shown in Figure 1, a CDMA system consistent with the present invention 
25 contains at least one base station 100 and at least one mobile station 120a...n. The 
base station 100, which may be any base station consistent with the IS-95A standard, 
is connected to a public switched telephone network 1 10. A mobile station, for 
example, station 120a, may be any type of cellular telephone, such as the QCP-820 
manufactured by Qualcomm Incorporated, or an equivalent. 

3 0 Figure 2 is a block diagram of the components of a base station 200 

consistent with the present invention. Base station 200 is powered by a power 
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supply 205. Base station 200 includes a system bus 240 connecting a receiver 2 10, a 
processor 215, a memory 220, and a transmitter 230. Memory 220 includes a power 
control module 225, which consists of software components written in a high-level 
programming language, such as C, or in a low-level assembly language. In 
operation, processor 215 executes the components of module 225 to analyze input 
frames received by base station 200 via receiver 210. Processor 215 then determines 
whether it is necessary to adjust the output power level for transmissions from base 
station 200 and instructs transmitter 230 to output frames in accordance with any 
power adjustment. 

Figure 3 is a dependence diagram illustrating the operation of a base station 
in a manner consistent with the present invention. Frame erasure bits are tracked by 
base station 200 in a manner consistent with the principles of the present invention 
to determine the value of three related metrics, namely, the current FER, the average 
FER ("AFER") of the past 160 frames, and the occurrence of a frame erasure in each 
frame. These values are used to adjust, if appropriate, the transmission power for 
frames transmitted from base station 200. A separate component of module 225 
computes each of these values. 

The current FER represents the number of good frames between two 
successive frame erasures, thereby providing an estimate of the operating point of a 
mobile station 120 on a per-frame basis. The average FER represents the average 
value of past and present frame erasure indicator bits over a specified time interval. 
The occurrence of a frame erasure is determined by examining a frame erasure 
indicator bit contained in each frame. 

Component 305 computes the average FER, a performance metric 
representing the optimal operating point, based on the FER of the past 160 frames. 

A counter, C, tracks the number of good frames between successive frame 
erasures. Component 310 computes the current FER based on the value of the 
counter C. When the current frame is "good", i.e., a frame erasure indicator bit does 
not indicate that the current frame contains an error, 1/C represents an upper bound 
on the current FER. On the other hand, when the current frame is "bad", i.e., a frame 
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erasure indicator bit indicates that the current frame contains an error, 1/C 
represents an estimate of the current FER. 

Upon the occurrence of a frame erasure the frame erasure indicator bit, E, is 
set to 1 and step 330 initiates a process, executed by component 315, to gradually 
increase the transmission power in a manner inversely proportional to the current 
value of the counter C. The process of component 315 determines the appropriate 
adjustment of transmission power based on the value of the counter C as shown in 
Table 1 below. After the transmission power is increased, component 315 resets the 
counter C to 0. 



Counter C 


Power Adjustment 


<21 


+4dB 


20<C<41 


+3dB 


40<C<71 


+1.5dB 


70<C< 101 


+1.0dB 


100<C< 151 


+2.5dB 


150<C<200 


+ldB 


> 200 


+3.5dB 



Table 1 



Conversely, each time a good frame is received, E is set to 0 and component 
320 increases the counter by one and decreases the transmission power by .OldB. 
Therefore, a large value of the counter implies a low current FER, while a low 
counter value implies a high current FER. The lower the value of C, the higher the 
increase in transmission power to impose. However, a very high increase in 
transmission power cannot compensate a very low C due to both the loop delay 
encountered in the communication process and the fading nature of the 
communication channel. 
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A high FER implies insufficient received signal strength resulting from low 
transmission power. Thus, the higher the current FER, the greater the increase in 
transmission power to impose on the next data frame to reach transmitter 230. 
Because the communication delay from the time a frame erasure happens at a mobile 
station 120 to the time it is made known to base station 200 significantly affects the 
adjustment in transmission power that should be applied to each subsequent frame to 
reach base station 200, a power control system consistent with the present invention 
avoids excessive increases in transmission power. 

Once the transmission power has been adjusted according to the average and 
current FERs, a base station operating in a manner consistent with the principles of 
the present invention may re-adjust the transmission power level if the FER does not 
fall within the optimal range, generally on the order of 1%. Component 325 
periodically re-checks the FER and re-adjusts the transmission power when the FER 
does not fall within the optimal range. Generally, when the average FER is too high 
a positive correction factor is imposed according to pre-specified values. Similarly, 
when the average FER is too low a negative correction factor is imposed. 

The correction factor component 325 accepts as input the current FER of 
each frame received at receiver 210 and analyzes the average FER of the last 160 
frames. For example, if the counter is greater than 60 when a specific frame is 
received, the transmission power will be reduced by 0.05 dB. Similarly, per each 50 
frames received, if the average FER of the last 160 frames exceeds 0.9%, the 
transmission power is increased by 0.8dB. Tables 2A and 2B below are charts 
detailing the power re-adjustment according to the correction module 325. A base 
station consistent with the present invention repeats this process of analyzing, 
adjusting and re-adjusting the transmission power based on the FER for each frame 
received. 
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Counter C 


Power Adjustment 


C>60 


-0.05dB 


if C = multiple of 75 


+0.5dB 


if C = multiple of 50 and C>99 


+0.5dB 


if C = multiple of 50 and C > 199 


+1.5dB 



Table 2A 



For every 50 Frames received do the following: 



AFER 


Power Adjustment 


if AFER>0.9% 


+0.8dB 


if AFER < 0.4% 


-0.3 



Table 2B 



5 Ultimately, the amount of transmission power applied to each frame should 

be as close as possible to the level yielding the target FER because tight coupling 
between the FER and the transmission power level generally results in both better 
control of performance and less power needed. However, a transmission power level 
too low relative to the desired FER increases the probability of many frame erasures 

1 0 occurring over a short period of time. A high FER may be decreased by increasing 
the transmission power level. However, drastic increases in transmission power 
ultimately result in wasted transmission power because of the lag time associated 
with a given frame's ability to realized that power. Further, because a frame can only 
utilize a maximum amount of power, applying too much transmission power to a 

15 frame yields wasted power. Accordingly, because the transmission power applied to 
one frame reduces the amount of power available for other frames, applying more 
power to a frame than that frame can use results in a less efficient system and loss of 
capacity. 

Frequent adjustments to the transmission power help maintain optimal 
2 0 transmission power levels, leading to lower and more consistent error rates. 
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Similarly, close tracking of the FER minimizes drastic increases or decreases in error 
rates because the transmission power is adjusted frequently enough to avoid them. 

Although the present invention has been described in connection with 
exemplary embodiments, many modifications will be readily apparent to those 
skilled in the art, and are intended to fall within the scope of the appended claims. 
For example, the various power level adjustments shown in tables 1 and 2 are 
calculated based on an assumed level of service quality, but other power level 
adjustments may be appropriate based on a desired service quality. This invention 
should be limited only by the claims and equivalents thereof. 
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 . A method for implementing power control to a forward link in a 
cellular Code Division Multiple Access (CDMA) network comprised of at least one 
base station and at least one mobile station, the method comprising the steps, 
performed by the base station, of: 

computing a frame error rate reflecting a number of frames having a positive 
frame erasure indicator received during a pre-determined interval; 

determining a performance level based on the frame error rate and a total 
number of frames received during the interval; 

selecting a change in transmission power level to improve the performance 
level; and 

adjusting the transmission power level for the base station according to the 
selected power level. 

2. The method of claim 1, further comprising the steps of: 
comparing a data signal reflecting the adjusted transmission power level to a 

counter value corresponding to the number of frames having a positive frame erasure 
indicator during the interval; and 

modifying the transmission power level for the base station according to an 
algorithm that assigns a value for increasing or decreasing the transmission power 
level based on a result of the comparison. 

3. The method of claim 2, further comprising the step of: 
comparing an average frame error rate for each 160 frames to a 

predetermined value, wherein the transmission power level may be increased or 
decreased according to a pre-specified amount corresponding to the predetermined 
value. 
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4. The method of claim 1 wherein the frame error rate is computed by 
tracking a frame erasure indicator bit contained in each frame. 

5. A method for obtaining an optimal transmission power level relative 
5 to noise and interference in a Code Division Multiple Access (CDMA) cellular 

system, the method, performed by a processor, comprising the steps of: 

determining a frame error rate based on the value of a frame erasure indicator 

bit contained in each frame; and 

adjusting an amount of transmission power applied to a frame at a forward 
1 0 link of the CDMA cellular system. 

6. A power control unit of a base station of a Code Division Multiple 
Access (CDMA) cellular system for adjusting an amount of power applied to a 
transmitted data signal, the unit comprising: 

15 means for receiving a frame from a receiver located in the base station; 

means for analyzing service quality information; 

means for using the service quality information to determine an appropriate 
amount of increase or decrease in transmission power level to apply to a frame; and 
means for outputting a data signal reflecting an adjusted power level to a 
2 0 transmitter located in the base station. 



7. Each and every novel feature or novel combinatin of features herein 
disclosed. 
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5 Abstract 

A system and method for achieving the optimal transmitted power level 
relative to noise and interference in a cellular CDMA network. This power control 
system and method, implemented at the base station (100, 200) in the network, 
allocates the appropriate power to each mobile user to ensure maintenance of 
10 optimal and uniform service quality. A method consistent with the present invention 
uses a per-frame reporting mechanism based on tracking frame erasure indicator bits 
to achieve quality cellular service and efficient system operation. 



11 



CA 02292386 1999-12-16 




CA 02292386 1999-12-16 




(M 



8 



/2 WiflLm Wratf & J$ssocial<>> 



CA 02292386 1999-12-16 



I 



E: FRAME ERASURE BIT INDICATOR 



DETERMINE AFER OF 
PAST 160 FRAMES ON A 
PER FRAME BASIS 



AFER 



t 

I 
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DETERMINE CURRENT FER: COUNT 
THE NUMBER OF GOOD FRAMES 
BETWEEN TWO SUCCESSIVE BAD 
FRAMES. 
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INCREASE TX POWER 
INVERSELY PROPORTIONAL TO 
THE VALUE OF COUNTER C 
RESET COUNTER C. 
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INCREASE C BY ONE. 

DECREASE TX POWER PERIODICALLY 



TX_ADJUST 
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TX_ADJUST 



PERIODICALLY ADD / SUBTRACT A CORRECTING 
FACTOR TO TX POWER WHENEVER AFER IS 
GREATER / LESS THAN 1% RESPECTIVELY 
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FINAL TX_ADJUST FIG. 3 
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